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We study the reaction e + e~ — > u)w in the vicinity of (j> mass region. The isospin-violating <f> 
excitation is accounted for by two major mechanisms. One is electromagnetic (EM) transition and 
the other is strong isospin violations. For the latter, we consider contributions from the intermediate 
hadronic meson loops and 4>-p° mixing as the major mechanisms via the t and s-channel transitions, 
respectively. By fitting the recent KLOE data, we succeed in constraining the model parameters 
and extracting the cj> —* loty branching ratio. It shows that the branching ratio is sensitive to the 
<j> excitation line shape and background contributions. Some crucial insights into the correlation 
between isospin violation and Okubo-Zweig-Iizuka (OZI) rule evading transitions are also learned. 

PACS numbers: 12.40.Vv, 13.20.Gd, 13.25.-k 



I. INTRODUCTION 

The e + e~ annihilation at low energies, below 3 GeV, is a major source of information on the properties 
of light vector mesons (p, u>, <f>) and their excited states. Recently, the cross sections of e + e~ — > ujtt are 
measured by KLOE collaboration in the vicinity of (/)-resonance [3, 0, where a dip appears at the <fi mass. 
It greatly improves the experimental status for the isospin-violating <f> meson production in the e + e~ 
annihilation. Meanwhile, the significant difference in the extraction of the <f> — > ujtt branching ratio in 
Refs. P, 0] suggests how difficult to measure such a tiny effect in e + e" annihilations. This transition 
is correlated with the Okubo-Zweig-Iizuka (OZI) rule violation due to the nearly-ideal flavor mixing 
between to and 4>. Since the reaction e + e~ — > ujtt is dominated by the 1=1 transition matrix element, 
the interferences due to the <f> production will provide an opportunity for probing the isospin-violating 
mechanism and its correlation with the OZI rule. 

In Ref. [H , the isospin-violating decay (f> — » unr° has been studied in an effective Lagrangian approach. 
Two mechanisms are quantifies as the major sources for isospin violations. One is the electromagnetic 
(EM) transition where the ss annihilates into a virtual photon and then decays into u> and 7r°. At leading 
order, the transition can be accounted for by virtual photon exchange between isoscalar and isovector 
mesons in vector meson dominance (VMD) model. The isospin conserved vertices can be well constrained 
by experimental data for ui — > 77r°, uj — > e + e~7r°, <f> — > e + e~n°, and </> — > p7r + 37r The other is the 
strong isospin violation originated from the u-d quark mass difference due to chiral symmetry breaking 
of QCD vacuum 5]. A dynamic process to recognize this is via the OZI-rule-evading intermediate meson 
loop transitions [3j. 

In this work we study the <f> meson excitation in e + e~ — * ujtt in the effective Lagrangian approach in 
order to further improve our understanding of the strong isospin violation mechanism. In contrast with 
<f> — > ujtt more transition mechanisms will be involved in and contribute to e + e~ — > ujtt . Detailed 
analysis of those background contributions will be carried out. Compared with other approaches via ir-rj 
mixing or empirical 4>-u>-p° mixing 0, 0, H, H, [HI E| , our model is based on explicit experimental facts 
and constructed in a self-consistent way at the tree level of the effective Lagrangian approach. 

As follows, we first analyze the mechanism for / = 1 transitions in the VMD model. We then include 
the interferences from the I = <f> production based on the improved prescription of Ref. Q . Numerical 
results are presented in Sec. Ill and a summary is given in Sec. IV. 
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II. THE MODEL 



A. 7=1 transitions in VMD model 



The 1=1 EM transition amplitudes are described by isovector meson fields. In the energy region 
around mass, the dominant contributions are due to the low- lying vector mesons, such as p°, /a' (1450), 
etc. In the VMD model [Hj], we can decompose the virtual photon by these mesons, e.g. p and p', as 
shown in Fig. [TJa) and (b). The transition amplitudes corresponding to Fig.[Tfa) and (b) are as follows: 
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where eMy /fy is a direct photon- vector-meson coupling in Feynman diagram language and g^p-n 



and 



9up'-n are the VVP strong coupling constants. r p (s) and T p /(s) are energy-dependent total widths for 
the intermediate p and p' , respectively. They are described by the two major decay modes, 7r + 7r~ and 
cott°M: 
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where the coupling constant g^gTu 
different fitting schemes in Ref. [lj 
lo — * 7 r°7 , p —> 7r°7 and uj —* pir - 
rules [II OS Gil. 



'M w is taken to be 17 GeV - , which is the fitted value using three 
|. This value is consistent with the experimental values derived from 
-> TT + ir~ir° decays, and theoretical estimates based on the QCD sum 



It should be noted that the second term of Eq. Q does not contribute below the ojit threshold. For 
p'(1450), its total and partial widths still have large undertainties [3]. Its best known decay channel is 
cj7t. Therefore, we parameterize its energy-dependent total width into two parts, i.e. p' — > ljtt and p' 
decay into other final states. B p i^ U7t a is the branching ratio of p' — > lutt . In the consequent calculation, 
we will fix Tp(Mp) = 149.6 MeV and take T p i as a parameter due to its large uncertainties. 

In the above treatment, we assume that the dominant contributions to the 1 = 1 component are from 
p and p 1 in the energy around mass. Contributions from higher 1=1 states should be largely 
suppressed since their mass are larger than the virtuality of the photon. So, the 1=1 total transition 
amplitude can be expressed as: 



M/r 1 



(5) 



where a possible relative phase between these two amplitudes is included and will be determined by 
experimental data. We mention in advance that the dominant 1=1 background requires S\ = 180° as a 
constructive phase between p and p' terms in Eq. (J5|). 



B. 1 = transitions 

As studied in Ref. [3|, the excitation of <f> meson can couple to urn via two isospin violation processes. 
One is EM transitions through <f> meson annihilation. The other is OZI-evading intermediate meson loops. 
We separately investigate these two processes in this section. We also consider background amplitudes 
from the off-shell u) meson excitations. 
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1. I — EM transitions in VMD model 



The excitations of the 4> an d w meson contribute to the signal and background, respectively. We 
decompose the virtual photon by a sum of vector mesons as shown in Fig. [He) and (d). The corresponding 
amplitudes have the following expressions: 
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where V\ denotes ^ or w mesons, while V% denotes p or // mesons; gviVm are the VVP strong coupling 
constants and IV (s) is the total width of the intermediate vector mesons. The V~f coupling values can 
be found in Ref. [17] . The width T^,(s) is described by its major decay modes, K + K~, K^K^ and 



pil + 7T + 7T 7T°: 
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where B^k+k- j ^4>^k° k° are the branching ratios of — > K + K , — > K®Kg, respectively. Coupling 
9<t>p°Tt a = 0.68 is extracted [|[ from the KLOE result for <j) — > P7T + 7r + 7r~7r° [ 181 ]. 

The relative sign between p and p' intermediate vector mesons is the same as I — 1 transitions, and 
there is a relative sign 62 between the processes Fig. []] (c) and (d), i.e. 
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In the calculation we fix 82 = 0° as given by the effective Lagrangians, while 5% = 180° is required as a 
constructive phase between the transitions mediated by p and p' in Fig. [1] (c) and (d). 



2. I — transitions via intermediate meson loops 



The strong isospin violation via the OZI-rule-evading intermediate meson loop transitions can be es- 
tablished by two experimental observations. One is the obvious mass difference between the charged and 
neutral kaon as a consequence of the u-d quark-mass difference. The other is the precise measurement of 
the 4> —> K + K~ and KlK$ branching ratios, where the effective couplings of <f)K + K~ and (f>K°K° turn 
to be slightly different. Therefore, we can describe the strong isospin violation as a dynamic outcome 
of Fig. [5] for which the detailed mechanisms can be recognized by transitions via Fig. [3] In particular, 
transitions of Fig. [3Ja)-(d) can be classified as ^-channel processes, while (e) and (f) are s-channel ones. 

In both kinds of transitions, the u-d quark-mass difference leads to the mass difference between the 
charged and neutral kaon, which then results in nonvanishing 1 = 1 cancellations between the charged 
and neutral kaon loops as a source of the strong isospin violations in — > ujit . Contributions from 
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KK*(K) and KK*(K*) loops are also considered in the ^-channel where the effective couplings for the 
charged and neutral particles are treated in the SU(3) symmetry limit as a leading approximation. The 
s-channel transitions of Fig. Oe) and (f) contribute to the mixing of the (ft and p , which were not 
considered in Ref. [3]. However, we state in advance that their contributions are not as large as the 
i-channel transitions. In this work, in order to keep this effective Lagrangian approach self-consistent, we 
explicitly include the s-channel KK loop in the calculation. The contributions from the KK* + c.c. loops 
in the s channel are found even smaller since their mass threshold is higher than the (ft mass. Therefore, 
we do not consider them in the later discussions. 

In principle, we should include all the possible intermediate meson exchange loops in the calculation. In 
reality, the break-down of the local quark-hadron duality allows us to pick up the leading contributions 
as a reasonable approximation [19L I20I ] . As explained in Ref. r 3j , the leading contributions arise from 
KK(K*), KK*{K) and KK*(K*) intermediate meson loops (see Fig.|J). We note that in Ref. HH the 
KK(K*) loop was also studied as a major mechanism for (ft-p mixing. 

As follows, we present the transition amplitudes for these meson loops in e + e~ — > coir . The detailed 
expressions for the loop integrals for the i-channel transitions have been given in Ref. :3j. Hence, we only 
list the necessary formulas here. 

The transition amplitude for e + e~ — ► (ft — » lutt via an intermediate meson loop can be expressed as: 

M fi =v ( >{p e ) (-ieY )u (p e ) y - 2 . r I ——g > T(p 2 ) . 10 

s fa s- M^ + iT^sj^/s J (2tt) 4 ^ aia 2 a 3 



where the vertex functions for KK{K*) are 
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where gi, g 2 , and 53 are the coupling constants at the meson interaction vertices (see Fig. HJ. The four 
vectors, p^, p u , and p^o are the momenta for the initial (ft and final state u> and n meson; The four- vector 
momentum, p\, p 2 , andp3 are for the intermediate mesons, respectively, while a\ = p\ — m\, a 2 — p 2 — m 2 , 
and 03 = p\ — m\ are the denominators of the propagators of intermediate mesons. 
The vertex functions for the KK*(K) + c.c. loop in Fig. |UJb) are 

if2(pi -P2) ■ £lo , (12) 
if zip* -P2) ■ £3 • 

where /i,2,3 are the coupling constants. 

Similarly, we have vertex functions for the intermediate KK*(K*) + c.c. loop (Fig. [He)): 

= ^p^vi^/ufi; r (13) 

= mf £ a"(3"iJ,"v"P 2 £ 2 P3 £3 

where h\,2,3 are the coupling constants. 

In the above three kinds of vertex functions, the coupling constants are determined via experimental 
value and SU(3) relations M , H I I22I]. The form factor F(p 2 ), which takes care of the off-shell effects of the 
exchanged particles [HI, l24Tl25j , is usually parameterized as 



where n = 0, 1, 2 correspond to different treatments of the loop integrals. In the present work, we only 
consider the monopole form factor, i.e. n = 1. For the cut-off energy A, it is usually parameterized: 
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A = m ex + aA QC D, (15) 

where Aqcd = 220 MeV and a is a tunable parameter, m ex is the mass of exchanged meson. We note 
that this form of form factor is slightly different from that adopted in Ref. [H ■ It smooths out the integrals 
in terms of a varying A value. 



3. 7 = transitions via <jf>-p° and ui-p° strong mixings 

The 1 = transitions via the s-channel 4>-p a and uj-p° strong mixings are shown in Fig. The 
amplitude for <f>-p° mixing via the charged kaon loop can be expressed as follows: 
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where an on-shell approximation following the Cutkosky rule has been taken and P\ is the three-vector 
momentum of the on-shell kaon in the meson loop. 

Taking into account the charge-neutral term, the amplitude can be written as 

f 1 eM l 

M fi = v(p e +)(-ieY)u(p e -)— . .-p, f \ r\ f- 

s(s - M^ + iT^s)^) ft 

x ^^ e ,^ , (17) 
where e^ p is the strong isospin- violating coupling strength between <f> and p , 

€ <t>P = a ~TtT~ [9<1>K+K-9pK+K-Pk+K-( s ) + 94,K»Ko9pK a K a ^KOKo{ s )\ > (18) 

\jTT\f SUp 

where D p = D p (s) = M 2 p — s — i-\/sT p (s) and Pk+k- an d Pk°k° are the three-vector momentum of 
the charged and neutral kaons, respectively. Note that there exists a sign between g P K+K- an d 9 P K a R a 
which brings cancellation between those two terms on the right-hand side of Eq. (fT8|) . At the mass of 
the <j> meson, we obtain = (9.51 — «3.31) x 10 -4 as an effective strong isospin-violating coupling for 
4> — * p°. This result can be compared with the intermediate meson transition in Eq. (2.10) of Ref. [2l[ 
apart from factor D p , while the EM part has been contained in Eqs. Q and (J7|). 

The ui-p strong mixing occurs only via intermediate charged pion loop transition as illustrated by 
Fig. Elb). The transition amplitude is similar to that for 4>-p° mixing, from which the strong isospin- 
violating coupling strength can also be defined, 
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(19) 



At the mass of 4> meson, we obtain t up = (13.7 — i4.8) x 10 3 , which is larger than that e^ p . However, 
we note in advance that the u>-p° mixing effects are negligibly small at the <j> mass. 



G 



With all the contributing amplitudes above combined, the total transition amplitude can be expressed 



as 



with 



M fi = M 
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(20) 
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where Sl is the phase angle for the EM and loop transition amplitudes, and will be determined by the 



experimental data. The relative phase between Mj° op 1 and m™* 1119 1 is given by the effective 



Lagrangian. 

The differential cross section can thus be obtained: 
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where p e is the magnitude of the three- vector momentum of the initial electron (positron) in the overall 
cm. system. We can neglect the mass of the electron, and have |p e | = E cm /2. 

In experiment, by defining the background cross section coiVs) (from 1=1 transitions and I = uj 
excitation), the full cross section can be parameterized as [ly, 27], 28j : 



where Ms and T<h are the 6 mass and width and Da 



(23) 



M? — s — iy/sTs is the inverse propagator of the 
<j> meson; Z is a complex interference parameter that equals to the ratio of <j) excitation amplitude to the 
background terms and describes the energy evolution of their relative phase. In our model, apart from 
calculating the cross sections, we shall also extract this quantity in order to compare with the values 
fitted in experiment [3, 0] • 



III. NUMERICAL RESULTS 



The 1 = 1 components from the low-lying states p and yo'(1450) play an important role of background 
to the <fi meson excitations, while we find that the u> contribution to the background via uj-p° mixing is 
negligibly small in the vicinity of the cf> mass. In the VMD model the p contribution is relatively better 
controlled with its well-determined total and partial widths In contrast, the experimental status for 
p'(1450) is still not well-established. This unavoidably leads to large uncertainties with its contributions. 
Interestingly, it shows that the side-band cross sections are essential for determining the contributions 
from p' . Since the exclusive contributions from p meson with M p = 775.0 MeV and r p (M 2 ) = 149.4 
MeV still significant underestimate the side-band cross sections, it is a signal indicating that additional 
1 = 1 components are needed. Nevertheless, it determines a constructive relative phase between p and 
p' terms in Eq. ©, i.e. Si = 180°, which is the same as [II [28l l29lj . 

By adopting the PDG values for the p'(1450), i.e. M p , = 1.459 GeV, T p ,{M 2 pl ) = 147 MeV and 
Bp'^Lun = 21% [H, we find that it is still far from sufficient to account for the cross sections away from 
the <f> mass. In particular, it shows that the cross section is not sensitive to the p' mass, but quite sensitive 
to its total width, due to the requirement of a stronger coupling to unr°. This suggests that higher p 
states are also needed. At the <fi mass we find that the effects of including higher p states simply enhance 
the 1=1 cross sections and the behavior of the energy dependence is not sensitive to the presence of 
another p state, e.g. p(1700). Since the total width for p'(1450) still has large uncertainties, we simply 
leave it to be determined by the side-band cross sections to take into account the possible contributions 
from higher p state. 

The above features allow us to numerically fit the model parameters with the new and high-precision 
data from KLOE. In Ref. Q the <fi excitation cross sections are measured in both e + e~ — > urn — ► 
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7r + 7r~7r°7r° and 77r°7r°. With u> dominantly decaying into 7r + 7r~7r°, much smaller experimental uncertain- 
ties are achieved in the Aw production channel than in 771"° 7r°. These accurate data provide a stringent 
constraint on our model parameters. 

In total, we have three parameters to be determined by the experimental data, i.e. a phase angle Sl 
in Eq. (|20p . the form factor parameter a, and the total width T p i for p'. Two fits are carried out as an 
investigation of the parameter space. In Fit-I, we fix the phase angle Sl = —90° while leave a and T p i to 
be determined by the data. In Fit-II, we free these three parameters to let them be fitted by the data. 

In Table HI the fitted parameters are listed. It shows that with Sl = —90° fixed in Fit-I, the reduced 
X 2 value is much larger than that in Fit-II. Comparing these two fits, we see that Sl = —111.6° ± 2.3° is 
favored by the data while the fitted values for the other two parameters are consistent. 

We list the branching ratios extracted from these two fits in Table [III an( i compare them with the 
PDG [I[ and KLOE results [3, 0] • The (f>-p° strong mixing is relatively small and independent of those 
parameters. Therefore, it keeps the same for both fits and contributes an exclusive branching ratio of 
0.37 x 10~ 5 . The EM amplitudes have dependence on the p' width, which leads to small differences 
between these two fits. We then notice that significant differences between these two fits arise from the 
meson loop contributions. In Fit-I, the loop contributions constructively interfere with other transitions 
and lead to a relatively larger branching ratio, BR^ U7V q = 4.29 x 10~ 5 , while in Fit-II the loop transition 
amplitude has a destructive effect and gives BR^^a = 2.83 x 10~ 5 . This is a novel feature arising from 
the precise data [2j. 

To disentangle this interesting phenomenon, we plot cross sections from different transitions in Fig.[5]for 
these two fits. It shows that Fit-II accounts for the data perfectly while Fit-I exhibits some discrepancies. 
The following points can be learned: 

i) The extracted branching ratio is very sensitive to the line shape of the <j) meson dip. This can be 
recognized by comparing the previous KLOE data [l[ and the new one 0] . In Ref. [l[ the relatively large 
uncertainties allow us to fix Sl = —90° to produce a result similar to Fit-I, i.e. BR^^o — 4.29 x 10~ 5 . 
But with data from Ref. [H, Fit-I exhibit obvious deviations from the precise data. In contrast, the 
success of Fit-II with a varying Sl suggests a stringent constraint from the data. 

ii) The side-band cross sections are important for determining the background contributions. As shown 
by the solid curve for the full calculation, at the energies away from the <j) mass, the contributions from 
the 4> excitation die out quickly, and the cross sections are dominated by the I — I components. 

iii) The extracted branching ratio from Fit-II is smaller than the result from Refs. [Il,[2j and PDG 

In our calculation it is due to the constraint from the line shape which requires a destructive phase 
between the EM and loop transition amplitudes. We also find that the branching ratio extraction is very 
sensitive to the background cross sections. It should be noted that although we can directly calculate the 
cross section for e + e~ — ► ujtt — ► Air, the experimental extraction of this quantity needs understanding of 
non-ti>7r° background which contribute to the in final state Q • 

iv) Our calculations show that the uj-p° mixing effects are negligibly small at the <j> mass region as 
illustrated by the dot-dot-dashed curved in the lower panels of Fig. [6l 

In order to learn more about the underlying dynamics and clarify the interferences among different 
transitions, we make a further analysis of the amplitudes. In Fig. [TJ we present the real and imaginary part 
of the exclusive transitions apart from the common factor v^ s ' (p' e )(— iej") u s (p^Eap^^p^e^pt^. The solid 
lines denote the real and imaginary part of the background amplitude while the others are (f> excitation 
amplitudes from EM, i-channel loop transitions, and s-channel 4>-p° mixing. Their relative phases respect 
to the background terms are included. The visible difference between Fit-I (left panel) and Fit-II (right 
panel) is rather small though it can be seen that the i-channel loop amplitude plays a role to change the 
line shape due to the change of phase angle Sl- 

By extracting the Z parameter defined in Eq. (j2"3")) . such a small difference can be highlighted due 
to the change of the background in these two fits. As shown by Fig. [SJ both the real and imaginary 
part of Z turn out to be flat in terms of y/s. The slight energy-dependence shows that the background 
contributions (dominated by I = 1 component) cannot come from a single isovector excitation. Their 
signs clearly indicate the destructive interferences between the 4> excitation and the background terms. 

At the 4> mass, we extract the real and imaginary part of Z and compare them with the experimental 
results from KLOE p], HJ etc. As shown by Tab. IIII1 the extracted real and imaginary part of Z at the 
4> mass are basically in agreement with the data [H, [H, [27], HI] except that ReZ from Fit-II appears 
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to be relatively small. This is again due to the difference of the background terms denoted by the 
extracted values for cr^(M ). It can be shown that with a^{M^,) = 7.12 nb, ReZ = 0.065 ± 0.002, 
and ImZ = —0.103 ± 0.005, the cross section for e + e~ — * lutt — ► 4ir at s/s = can be reproduced. 
Comparing our Fit-II results with Ref. [2|, the sensitivity of the 4> branching ratio to the background 
terms can be recognized. Note that the values for a^{M^) in Tab. IIIII from Refs. [HQ include about 
12% contaminations from resonance background. 

In Fig. [HI we plot the branching ratio dependence on the form factor parameter a with 5l and T p > fixed 
as in Fit-I and II. It shows that over a broad range of a, the branching ratio does not vary drastically. 
The uncertainties of the fitted values for a in Fit-I and II are about 5% (see Tab. which suggest a well 
constraint of this parameter. It is also an indication that the loop integrals are well tamed. 

IV. SUMMARY 

The precise measurement of the <j> excitation in e + e~ — > lutt Q as a consequence of interferences 
between the 1=1 and 1 = components in the transition amplitudes provides an opportunity to study 
the isospin violation mechanisms at low energies. We investigate this process by quantifying the isospin 
violations in both EM and strong transitions. The 1 = 1 and 1 = EM contributions are studied in 
the VMD model, while the 1 = strong isospin violating process is described by the i-channel OZI-rulc- 
cvading intermediate-mesons-exchange loops and s-channel <fi-p° mixing. This is an improved effective 
Lagrangian approach compared with our early study in Ref. Q where the s-channel 4>-p° mixing was 
overlooked. 

In e + e~ — > lutt , the side-band cross sections provide a strong constraint on the 1=1 EM transitions. 
Contributions from oj meson excitation is also included though it turns out to be negligibly small. In the 
calculation we find that the cross section of e + e~ — * u>ir° has evident width-dependence on the p' which 
contributes to the 1=1 transition amplitudes. In the previous work for <f> — ► lott we did not include 
the p' due to lack of constraint on it. By fitting the new KLOE data 0, we succeed in constraining 
the model parameters, i.e. phase angle 5l, form factor parameter a, and the total width r p < of p' . We 
show that there exists a strong correlation between the OZI-rule-evading and strong isospin violation 
mechanisms. We also find that the extracted branching ratio for <fi — > uir° is very sensitive to the line 
shape of the cross sections in the vicinity of <j> excitation and the background estimate. Our result turns 
to be smaller than that given by Ref. [2j. 

It is worth noting that a relatively broad p 1 state is strongly favored by the newly published KLOE 
data [l[. Although it is not possible to answer whether an additional broad p' in addition to the p'(1450) 
is needed, our results shed some light on this puzzling question in its interference with isospin violating 
transitions. It is also worth mentioning that there exist some hints of broad p 1 states around 1.2~ 1.6 
GeV from experiments (30l. [3lj. Further theoretical investigation on e + e~ — > lutt over a broader energy 
region, and precise measurement of the cross sections may be able to clarify such questions. 
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Parameter 


e 


a 


r p ,(MeV) 


x '/d.o.f 


Fit-I 


-90.0° (fixed) 


1.125 ±0.052 


674 ±6 


5.71 


Fit-II 


-111.6° ± 2.3° 


1.244 ±0.051 


683 ±6 


0.54 



TABLE I: The parameters fitted in Fit-I and Fit-II schemes. 



Branching ratio (xlO °) 


EM 


Meson loop 


4>-p { ' mixing 


Total 


PDG [4] 


Exp [J] 


Exp [2] 


Fit-1 
Fit-II 


2.95 
2.97 


0.93 
1.14 


0.37 
0.37 


4.29 
2.83 


5.2±i:f 


5.63 ± 0.70 


4.4 ±0.6 



TABLE II: Branching ratios for (f> — > utv extracted from our model with two different fitting schemes. Exper- 
imental data P, 0, H[ and exclusive branching ratios from EM, f-channel meson loop transitions, and s-channel 
(p-p° mixing are also listed. 
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aT(M^),{nb) 


Re Z 


Im Z 


Rcf. [26] 


7.32 ±0.14 ±0.38 


0.110 ±0.019 ±0.003 


-0.129 ±0.025 ±0.005 


Ref. [27] 


7.28 ±0.18 ±0.80 


0.104 ± 0.028 ± 0.006 


-0.118 ±0.030 ±0.009 


Rcf. [28] 


7.34 ±0.14 


0.112 ±0.019 


-0.129 ±0.025 


Ref. [1] 


(8.12±0.14) t 


0.097 ±0.012 


-0.133 ±0.009 


Ref. [2] 


(7.89 ± 0.06 ±0.07) t 


0.106 ±0.007 ±0.004 


-0.103 ±0.004 ±0.003 


Fit-I 


7.08 ± 0.04 


0.107 ±0.005 


-0.110 ±0.009 


Fit-II 


7.12 ±0.03 


0.065 ± 0.002 


-0.103 ±0.005 



TABLE III: The interference parameter Z extracted from our model by two different fitting schemes at the (j> 
mass is compared with experimental results. Note that the values of a v (M,j,) labeled by "t" contain about 12% 
non-u7r° contaminations III, 01. 




FIG. 1: The schematic diagrams for I — 1 [(a) and (b)] and I — EM transitions [(c) and (d)]. 




(a) (b) 
FIG. 2: The schematic diagrams for cj> — > cjtt via the OZI-rule-evading intermediate meson loop transitions. 
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FIG. 6: (color online). The y^s-dependence of the total cross section for e + e~ — > ujty fitted in Fit-I (left) 
and Fit-II (right). The data are from KLOE measurement Q. In the lower panels, the dotted curves denote 
the exclusive t-channel meson loop contributions, the solid lines denote the contributions from the <p-p° mixing, 
the dot-dot-dashed lines denote the contributions from the u>-p mixing, while the dashed ones for the inclusive 
cross sections for <j> excitations (EM plus strong isospin violation). The dot-dashed lines stand for cross sections 
from p'(1450) with fitted total widths. In the upper panels, the dotted lines denote the contributions from the p 
meson, while the dashed lines are for the inclusive contributions from background including the dominated I — 1 
component (p plus p'(1450)) and a small I — ui excitation. The solid curves are the full model results. 




FIG. 7: (color online). Energy evolution of the real (upper panel) and imaginary (lower panel) amplitudes given 
by Fit-I (left) and Fit-II (right). The solid lines denote the amplitude for the background terms (dominated 
by I = 1 component); the dashed lines stand for I — EM transition amplitude, the dotted lines denote 
the 1 = t-channel transitions, while the dash-dot lines for the s-channel (f>-p° mixing. A common factor 
v^ a \p' e )(— iej")u a (p^Ecfs^vPZEuPTr in the transition amplitudes has been removed. 
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FIG. 8: (color online). Energy evolution of parameter Z extracted from Fit-I (left) and Fit-II (right). The solid 
lines stand for the real part while the dashed lines for the imaginary part. 




FIG. 9: The Q-dependence of the <f> — ► ujtt branching ratio in Fit-I (dashed) and Fit-II (solid). 



